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(54) Title: BIOABSORBABLE COMPOSITES OF DERIVAHZED HYALURONIC ACID 

(57) Abstract: The present invention relates to a composite and a method for reducing post-operative adhesion of tissues. The 
f^l composite includes a biocompatible, biodegradable support, and a water-insoluble hyaluronic acid derivative al the support. The 
^ hyaluronic acid derivative includes an N-acylurca that results from cross-linking by the reaction of hyaluronic acid with a multifunc- 
tional carbodiimide. Optionally, a monocarbodiimide also may be employed. A pharmaceutically -active molecule may be added to 
the N-acylurea derivative of hyaluronic acid. Although the composite includes material that prevents adhesion between tissues, in 
order to reduce the need for suturing when the composite is being used during a surgical procedure, a material that enhances adhesion 
of the composite to tissues may be applied to a surface of the composite. A method of forming the composite for reducing post-op- 
erative adhesion of tissues, including the step of applying an N-acylurea derivative of hyaluronic acid resulting from cToss-linking 
with a multifunctional carbodiimide, to a biocompatible, biodegradable support; a method of preparing a drug delivery vehicle that 
J>» includes a pharmaceutically-active molecule with the N-acylurea derivative of hyaluronic acid resulting from cross-linking with a 
muldfunctional carbodiimide; and a method of reducing post-operative adhesion of tissues arc disclosed. 
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MOABSORBABI^ COMPOSITES OF DBHVATIZED WALTOONIC ACID 

BACKGROUND OF THE INVENTION 

Thefonnati<MOtfibmvas«teadbesi<mi..oompUoattoilofsurgeiy. The 

p„bl=msca«sedb,«is.3dtoions«vari«l«.id=p«ioathe^atomical 
5 tataoftesurgicalpK^tee. P«iu>,«al *sions in abdominal surs^y ^ 
adhcdom .to lamin«*>my are wo exan^te of to probl^n. la cariao 
postoperaliv. adteions filing betwoea to tert pericardium and 
,tomm,maypIaoedi.mediaatanals<mot»r.8haza.dousl,close»>tl»pafcof 

diaaectton required in a snbsequen. prccedu... Over 360.000 cardiao proc«lures are 
,0 pcrfom,edannnallyinft.UniBdSa«a.ofwhich43,000are,e-op«raliona(7. THor 

Cariioyasc. Sur,., vol. 94. pp. 29 W (1987)). Approximately 4% of paSent. 
undergoing re^on expedeno. oomplicattona. for «.ample, h«no,rhage, rel«=d 
„rep«a«i.temaIop«ung. Ifhem.nl.ag. doe. occur, ttiere is a mortality nalr of 

^ximalely 37% (Ann. Uora. Sur,., vol 37. pp. 273-8.(1984)). Adhesion 
,5 tomaUonatocardiaosurgerythusi^^aaeatheco^aandriaksofas^^ndoardrac 

procedure. 

A number of methods have beea evaluated to prevent adhesions after 
surgery. For example, in cardiac surgery, the placement of aldehyde-fixed 
xenografts, such as bovine pericardium, may calcify and fibrose, exacerbatmg the 

20 problem imorac. Cardiovcc. Sur,., vol. 30. pp. 306-9 (1982)). Animal studies 
have shown that theuse of syntheticmembranes is accompaniedbyarisk of closmg 

the pericardium completely, and arisk of an accumulated pericardial effusion md 
tamponade (J. Surg. Res,, vol. 78. pp. 118-22 (1998)). Less rigid membranes are 
under development, but are less likely to reduce posterior/dorsal epicardial adhesior^ 
25 andwouldbedifficulttouseinthoracoscopicprocedures. Overall, the medical ne^ 
for an adhesion prevention material that can be placed over the heart via a 
thoracoscopic procedure has not been met 

m one type of articular surgery, in order to prevent accretions of cartilagmous 
tissue, rigid, non-bioabsoibable siUconplates are surgically introduced. The 
30 techniques presently available necessitate surgical removal of the plates, after a 
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suitable period of time. There is a need for an adhesion prevention material which is 
rigid enough to be used .in this type of articular surgery, but which does not have to 
be surgically removed. 

Although it has exceptional biocompatibihty, and has been used in a number 
5 of biomedical applications, native, uncross-linked hyaluronic acid ("HA") is 
generally not effective in reducing postoperative adhesions. Modified, water- 
insoluble derivatives of HA have been used as an aid to prevent adhesions or 
accretions of body tissues during the post-operation period. The method of forming 
the derivative, and its use in gels, films and sponges as surgical aids to prevent 

10 adhesions of body tissues and as drug.dehvery vehicles are described in U.S. Patent 
No. 5,356,883, to Kuo et aL, issued on October 18, 1994. Generally, the method 
includes forming a water-insoluble gel by reacting HA, or a salt thereof, with a 
carbodiimide in the absence of a nucleophile or a polyanionic polysaccharide. The 
teachings of U.S. Patent No, 5,356,883 are incorporated herein by reference in their 

15 entirety. 

SUMMARY OF THE INVENTION 

The present invention is directed to a composite and a method for reducing 
post-operative adhesion of tissues. 

20 The composite includes a biocompatible, biodegradable support and 

hyaluronic acid derivative at flie support. The hyaluronic acid derivative includes an 
N-acylurea that is formed by reaction of hyaluronic acid with a multifunctional 
carbodiimide. In another embodiment, at least 25 percent of derivatized 
fimctionaUties of the hyaluronic acid derivative are 0-acyUsoureas or N-acylureas. 

25 In still another embodiment, the invention is a drug delivery vehicle. The 

drug dehvery vehicle includes a biocompatible-biodegradable support and a 
hyaluronic acid derivative component at the biocompatible-biodegradable support. 
The hyaluronic acid derivative component includes an N-acylurea that is formed by 
reaction of hyaluronic acid with a multifunctional carbodiimide. The drug delivery 

30 vehicle also includes a pharmaceutieaUy active molecule at the hyaluronic acid 
derivative component. 
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aBultiftocti<aBlca*odmmd.andamono<rf»Klmmda 

to«fh„ embodim«n« of the to=«-ion U a meO^od of fomung a compoa.te 
5 ^pos.^ve.tosio.oftaues.Th.m*dmci™i»atpl^a 
byalu^ic add d«iva«ve « abioco..pafibl»tiodegradabl. support Hi. 
hyalu^uo aoidderivafive inctodea ^N-acyi™a,ha. r^t^r^oi 
W>™cacidwi.hamrid«»cdoaalcibodMd=. M one ambod.m«.. a^l»- « 
perc^l of dcdvatizad tocSonalitf .s of to hyalmoaio a«id derivattva arc O- 

10 acylisoureasorN-acylureas. - . . • i 

M ™te «*odiia««, a mett^d of preparing adnig doUv«y vduol. 
Mudes applying a hyalnrondo acid **a.v. con,on». « a bioco^at*!. 
biode^le s^port. T.. .yainronic acid derivadv= inclndes N^»» .^t 
^«tan,ea«ionothy.lv,»«icaddwi^anMti&n».onalcarbod.nmd,. Tb» . 

15 hyaluronic acid deri,^con^<alao include, a pham^=-iicany-^^ 
molecule. 

In.nofteembodimcnMn>*»i''t*«ta^'»°'°^*™^' . 
„<^f6rr»teingpos.-P-«vc.dbesionof«s^byapplyingahyal«xo„^ 

acid dcnvativc con,pon=nt » a Wocon,pa*Mod.gradabla auppor, «h«c» 
M hy^uro*aciddorivativoco»poncn.i^-N-acylurea,ha.i,flrercac.on 

product of hyaluronic acid, a multitactional crtodiimide, and a 

monocarbodiiinide. 

h,stillanoa«r=mbodiMcat.UicmetI>odinctad«,n.rodncingtot,ssucaata 

«^c.l site a composite to. Mudea a hiocotnpaabU-biodagtadabl. »^pon. and a 

,5 derivat^hyalurorioacidcon,on«nta.tos^ll»derivat^''y^""^ 
acidcon^onentistore^^ionproducofhyaluroniccidanda^ulutoconal 

carbodiimide. 

This invention has many advantages. For example, it provides, post- 
op^„.dh.ionb^ertotisatl.asts»bstandallyr=sorbahl.,..dtaeta 

30 ■ gL.rahydo=snotneedtob.,urgicaI,yr«oveda.al«<xdat. ^'^'^^^ 
easy to use, is capable of being sutured, and tends to stay in place after tt . appUed. 
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A fiarther advantage is that it can supply modified HA in a sustained release manner 
over a prolonged period of time. The invention also provides a drug delivery 
system which can be easily injected or implanted at a particular site, where it 
provides sustained release of the drug. 

5 

BRIEF DESCRIPTION OF THE DRAWING 

The Figure is a graph showing comparative test results in a rabbit model, for 
the effect of various embodiments of the invention, versus a comparative device and 
a control, on pericardial adhesion formation. 

10 DETAILED DESCRIPTION OF THE INVENTION 

The features and other details of the composite and method of the invention 
wiU now be more particularly described with reference to the accompanying Figure, 
and pointed out in the claims. It will be understood that the particular embodiments 
of the invention are shown by way of illustration and not as limitations of the 
15 invention. The principle features of this invention can be employed in various 

embodiments without departing from the scope of the invention. At the outset, the 
invention is described in its broadest overall aspects, with a more detailed 
description following. 

Provided below are deJBnitions of some of thelenns used in the descriptioiL 
20 A "water-insoluble" gel, fihn or sporige of the invention; as that phrase and like 
terms are used herein, is one which is heterogeneous when suspended in a sufficient 
amount of water at room temperature. 

A ''biocompatible" substance, as that term is used herein, is one that has no 
medically unacceptable toxic or injurious effects on biological function, 
25 A "biodegradable" substance, as that term is used herein, is one that is 

capable of being decomposed by natural biological processes. 

A "nucleophile," as that term is used herein, is any molecule possessing an 
electron rich functional group (such as a primary amine). 
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A "polyanionic polysaccharide," as that tern is used herein, is a 
polysaccharide other than HA containing more than one negatively charged group, 

e.g., a carboxyl group. 

A "cross-linking agent," as that phrase is used herein, is a molecule 
5 containing two or more functional groups that can react with HA or a derivative 
thereof. 

A "film," as that term is used herein, means a substance formed by 
compressing a gel or by allowing or causing a gel to dehydrate. A gel of the 
invaation may be formed into such a fihn. 
10 A "sponge," as that term is used herein, means a substance formed by freeze- 

drying a gel. A gel of the invention may be formed into such a sponge. 

"Room temperature," as that phrase is used herein, includes temperatures in 
the range of fiom about 20°C to about 25°C. 

As used herein, the term "HA" means hyaluronic acid and any of its 
1 5 hyaluronate salts, including, but not Umited to, sodium hyaluronate (the sodium 
salt), potassium hyaluronate, magnesium hyaluronate, and calcium hyaluronate. 

"Derivatized hyaluronic acid," as the term is used herein, means hyaluronic 
acid that has been derivatized with a carbodiimide, such as a monocarbodiimide or a 
multifunctional carbodiimide, or that has been derivatized with a mixture of a 
20 multifunctional carbodiimide and a monocarbodiimide. Preferably the derivatization 
is carried out in the absence of a polyanionic polysaccharide other than the 
hyaluronic acid In a specific embodiment, the derivatized hyaluronic acid is water- 
insoluble. 

An embodiment of a composite of the invention includes at least two 
25 components: a biocompatible, biodegradable support and a derivative of HA that 
includes an N-acylurea resulting from cross-Unking with a multifunctional 
carbodiimide, such as a biscarbodiimide. 

Examples of the physical form of a suitable s\q)port include: a 
biocompatible, biodegradable matrix, sponge, fihn, mesh, and a composite of 
30 particles which may be in the form of beads. The beads may be bound together by a 
bioabsorbable material. The biodegradable support may be formed &om a material 
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which is porous, and the pore sizes may be large enough so that when a layer of the 
hyaluronic acid (HA) derivative is spread on the si5)port, the molecules of the HA 
derivative can partially or fully penetrate into the pores of the support to make an 
anchor. Examples of compositions to be used as a suitable support include: cross- 
5 linked alginates, gelatin, collagen, cross-linked collagen, collagen derivatives, such 
as, succinylated collagen or methylated collagen, cross-linked hj/aluronic acid, 
chitosan, chitosan derivatives, such as, methylpyrrolidone-chitosan, cellulose and 
cellulose derivatives such as cellulose acetate or carboxymethyl cellulose, dextran 
derivatives such carboxymethyl dextran, starch and derivatives of starch such as 

10 hydroxyethyl starch, other glycosaminoglycans and their derivatives, other 

polyanionic polysaccharides or their derivatives, polylactic acid (PLA), polyglycolic 
acid (PGA), a copolymer of a polylactic acid and a polyglycohc acid (PLGA), 
lactides, glycolides, and other polyesters, polyoxanones and polyoxalates, copolymer 
of poly(bis^-carboxyphenoxy)propane)anhydride (PCPP) and sebacic acid, poly(l- 

15 glutamic acid), poly(d-glutaiaic acid), polyacrylic acid, poly(dl-glutamic acid), 
poly(I-aspartic acid), poly(d-aspartic acid), poly(dl-aspartic acid), polyethylene 
glycol, copolymers of the above hsted polyamino acids with polyethylene glycol, 
polypeptides, such as, collagen-like, silk-like, and silk-elastin-like proteins, 
polycaprolactone, poly(aIlcylene succinates), poly(hydroxy butyrate) (PHB), 

20 poly(butylene diglycolate), nylon-2/nylon-6-copolyamides, polydihydropyrans, 
polyphosphazenes, poly(ortho ester), poly(cyano acrylates), polyvinylpyrrolidone, 
polyvinylalcohol, poly casein, keratin, myosin, and fibrin. A sample of highly cross- 
linked HA may form a support for a sample of modified HA which is not highly 
cross-linked. 

25 In general, the modified HA derivative is prepared by reacting hyaluronic 

acid, or a salt thereof, with a multifunctional carbodiimide, preferably a 
biscarbodiimide, in the absence of a nucleophile or a polyanionic polysaccharide 
other than HA, to fonn an N-acylurea resulting from cross-linking with the 
multifunctional carbodiimide. Additionally, a monocarbodiimide may be employed 

30 in combination with a multifunctional carbodiimide, the monocarbodiunide having 
the formula: 
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R'-N=C=N-R^ 

wherein R' and R^ may include hydiocarbyl. substituted- hydrocarbyl, alkoxy. 
aryloxy, alkaryloxy. Examples of suitable monocarbodiimides include: l-ethyl-3- 
(3-dimethylan3inopropyl)-caibodiimide hydrochloride (EDC); l-cyclohexyl-3-(2- 
5 moipholinoethyl)carbodiimide metho-p-toluenesulfonate (CMC); l-(3- 
(dimethylamino)propyl)-3-ethylcaibodiimide methiodide (EAC); 1,3- 
dicyclohexylcarbodiiinideCDCC); and l.benzyl-3-(3-diinethylaniinopropyl) 

carbodiimide hydrochloride (BDC). 

Use of a polycarbodiimide to prepare the modified HA derivative causes 

10 cross-linking ofthe hyaluronic acid. For example, use of a biscarbodiimide reactant - 
to prepare the water insoluble gel of the invention results in a cross-Unking between 
COOH groups present on the repeating disaccharide unit of hyaluronic acid, since 
the biscarbodiimide is difimctional. The COOH group may be present in the same 
polymer chain, resulting in an intramolecular cross-linked product, or present on two 

15 different polymer chains, resulting in an intermolecular cross-linked product. 

Examples of suitable biscaibodiimides may be represented by those 
difimctional compounds having the formula: R'-N=C=N-R^-N=<:=N-R^ v^herein 
K\ R» and R' may include hydrocarbyl, substituted- hydrocarbyl, alkoxy, aiyloxy, 

alkaryloxy and the like. 

20 The term "hydrocarbyl" as used herem means the monovalent moiety 

obtained upon removal of a hydrogen atom from a parent hydrocarbon 
Representatives of hydrocarbyls are alkyis of 1 to 25 carbon atoms, inclusive, such . 
as methyl, ethyl, propyl, butyl, pentyl. hexyl, heptyl. octyl, nonyl, decyl. undecyl. 
dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, 

25 nonodecyl. eioosyl, heneicosyl, docosyl, tricosyl, tetracosyl, pentacosyl and the 

isomeric forms thereof; aryl of 6 to 25 carbon atoms, inclusive, such as phenyl, tolyi, 
xylyl. naphthyl, biphenylyl. triphenylyl, and the like; aryalkyi of 7 to 25 carbon ' 
atoms, inclusive, such as benzyl, phenylethyl, phenylpropyl, phenylbulyl, 
phenylhexyl, naphthylalkyl and the like; cycloaJkyl of 3 to 8 carbon atoms, inclusive. 

30 such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl. cycloheptyl, cyclooctyl and 
the like; alkenyl of 2 of 25 carbon atoms, inclusive, such as vinyl, aUyl, buteayl. 
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pentenyl, hexmyl, octenyl, nonenyl, decenyl, undecenyl, dodecenyl, tridecenyl, 
tetradecenyl, pentadecenyl, hexadecenyl, heptadecenyl, octadecenyl, nonadecenyl, 
eicosenyl, heneicosenyl, docosenyl, tricosenyl, tetracosenyl, pentacosenyl, and 
isomeric forms thereof. Preferably, hydrocarbyl has 6 to 14 carbon atoms, inclusive. 
5 The term "substituted hydrocarbyl" as used herein means liie hydrocarbyl 

moiety as previously defined wherein one or more hydrogen atoms have been 
replaced with a chemical group which does not adversely affect the desired 
preparation of the product derivative. Representative of such groups are amino-, 
phosphino-, quaternary nitrogen (ammonium), quartemaiy phosphorus 
10 (phosphonium), hydroxyl, amide, aJkoxy, mercapto, nitre, alkyl, halo, sulfone, 
sulfoxide, phosphate, phosphite, carboxylate, carbamate groups and the like. 
Preferred groups are amino, amide, ester, and ammonium groups. 

Preferred N-acylureas and 0-acylisoureas of the invention are those in which 
and/or R^ are hydrocarbyl substituted with an amino group. The term "alkoxy" as 
IS used herein means a monovalent group of the formula: 
-o- alkyl 

wherein the alkyl preferably has 4 to 12 carbon atoms, inclusive. The term 
"aryloxy" as used herein means the monovalent gcovqp of the formula: 
-o- aryl 

20 wherein the aryl preferably has 6 to 10 carbon atoms, inclusive and may be 

substituted as described above. The term "alkylaryloxy" as used herein means the 
monovalent group of formula: 

-o- alkylenearyl 
such as oxybenzyl and the like. 

25 Preferred biscarbodiimides include p-phenylene bis(ethylcarbodiinude) and 

1,6-hexamethylene bis(ethylcarbodiiinide). Other examples of suitable 
biscarbodiimides include l,8-octamethylenebis(ethylcarbodiiinide); 1,10 
decamethylene bis(ethylcarbodiimide); 1,12 dodecamethylene 
bis(ethylcarbodiimide); PEG-bis(propyl (ethylcarbodiimide)); 2,2 -dithioethyl 

30 bis(ethylcarbodiimide); l,r-dithio-/7-phenylenebis(ethylcarbodiin3dde); 1,1*- • 
dithio-m-phenylene bis(ethylcarbodiimide). 
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The reaction of HA with a biscarbodiimide rather than a monocarbodiimide 
does not change the mechanism of reaction, but causes the product to be cross- 
linked. 

Those skilled in the art will know, or will be able to ascertain with no more 
5 than routine experimentation, methods of preparing suitable biscarbodiimides. See, 
for example, the methods described in U.S. Patent Nos. 6,013,679; 2,946,819; 
3,231,610; 3,502.722; 3,644,456; 3,972,933; 4,014,935; 4,066.629; 4,085.140; 
4.096,334; and 4,137,386, all of which are incorporated herein by reference in their 
entirety. 

10 ]h one embodiment, the reaction is carried out under conditions such that the 

resulting modified hyaluronic acid product is at least about 1% cross-linked. The 
conditions necessary to achieve at least about 1% cross-linking, are first described in 
general, and further and specifically described in the Examples. In aaother 
embodiment, at least about 2% of the carboxyl fonctionaUties of the modified 

15 hyaluronic acid are derivatized. Generally, at least about 25% of the derivatized 
fimctionaUties are 0-acylisoureas or N-acylureas. Examples of sets of conditions 
that achieve at least about 2% derivatization are specificaUy described in the 

Exemplification section. 

The steps required to make a biocompatible HA derivative of this invention 
20 include providing a sample of HA or a salt thereof, such as sodium hyaluronate. HA 
fiom aay of a variety of sources, including HA extracted fiom animal tissues or 
harvested as a product of bacterial fermentation, can be used as a starting material. 
Alternatively, the HA used to make the composites of this invention can be produced 
in commercial quantities by bioprocess technology, as described, for example, in 

25 Nimrod et aL, PCT PubHcation No. WO 86/04355. Tie sample of HA or its salt is 
dissolved in water to make an aqueous solution. Preferably, the concentration of HA 
in this first aqueous solution is in the range of between about 0.1% and 5% 
wraghtAveight CV/w"), that is. Imgtol solution to 50 mg/ml solution. More 
preferably, the reactions are carried out with a range of about between about 0.4% 

30 ■ and 0.6%. or 4 to 6 mg of hyaluronic acid per millihter. The precise concentration 
used wiU vary dq)ending on the molecular weight of the HA. At significantly lower 
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concentrations, the reactions are slower and less effective. At significantly higher 
HA concentrations, the end product may be difficult to handle due to the increase in 
viscosity. One skilled in the art will be able to determine, with no more than routine 
experimentation, an acceptable concentration of HA to be used for a particular 
5 embodiment Examples of acceptable concentrations of HA are described in U.S. 
Patent No. 5,356,883, to Kuo et aL, tiie teachings, of which are incorporated herein 
by reference in their entirety. 

The pH of the HA solution is then adjusted by the addition of a suitable acid, 
so that the aqueous HA solution is acidic, preferably having a pH of about between 
10 4.0 and 6.0, more preferably between about pH 4.75 and about pH 5.5. 

Once the pH of the aqueous HA solution has been adjusted, the carbodiimide 
can.be added. Generally an excess of the stoichometric proportion of carbodiimide 
is advantageous to promote the desired reaction. Preferably the molar equivalent 
ratio of the carbodiimide to HA is equal to or greater than about 5%. 
1 5 Preferably, the carbodiimide is dissolved in an appropriate water-mixable 

solvent and added drop-wise. As the carbodiimide and the HA are mixed, the pH of 
the solution generally will increase. Films and gels with various desired physical 
properties can be obtained by simply allowing the pH to rise as the reaction 
proceeds. However, the reaction is monitored by a pH meter, and HCl may be added 
20 to maintain the pH of the reaction mixture between about 4. 75 and about 5.50. The 
reaction is allowed to proceed at room temperature for about two hours. 

The details of the reaction are described in U.S. Patents Nos. 6,013,679, and 
5,356,883, the contents of which are incorporated herein by reference in their 
entireties. 

25 The reaction conditions for HA cross-linking with a biscarbodiimide are 

similar to those used for HA-monocarbodihnide coupling reactions. 
Advantageously, the cross-linking reactions are carried out with (1) an increase of 
the HA concentration in the reaction mixture, and (2) a decrease of the 
biscarbodiimide concentration in the addition solution. This creates a condition 

3 0 favorable to intermolecular cross-linking versus intramolecular cross-lmking. 
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The reactions described above may be directed to favor the formation of the 
N-acylurea derivatives by increasing the pH with aqueous base. 

The progress of the reaction described above may be followed by monitoring 
the pH. When the pH is stabilized, the reaction is substantially complete. At the 
5 conclusion of the reaction, the desired hyaluronic acid derivative may be separated 
from the reaction mixture by conventional methods of precipitation, washing and re- 
precipitation. The completeness of the reaction, the nature of the products and the 
extent of chemical modification can be determined by proton NMR. 

If a colored product is desired, a solution of a biocompatible dye or stain, 
10 e.g., Coomassie ™ Brilliant Blue R-250, can be admixed to the reaction mixture. 
The resulting product will have a blue color which makes the gel, fihn or sponge 
easy to see when it is handled during surgery and when it is in place. 

When the reaction is complete, sodium chloride is added to the reaction 
mixture to adjust the sodium chloride concentration to IM. Ethanol equal to three 
1 5 volumes of the reaction mixture is added to form a white, stringy precipitate of 

chemically-modified, HA derivative. The precipitate is separated from the solution, 

washed, and dried by vacuum. 

To make a water-insoluble gel of the HA derivative, the precipitate is re- 
suspended in water and stirred in a cold room. The gel of the HA derivative is a 

20 hydrogel. The term "hydrogel" is defined herein to mean a macromolecular network 
swollen in water or biological fluids. The degree of gelation is dependent on the 
degree of cross-linking achieved. 

To make a sponge, the precipitate is then re-suspended in water, poured into 
a mold having a desired shape, and, preferably, dried, such as by air-drying, freeze- 

25 drying or heat-drying. A fihn may be prepared by fiirther drying the gel. 

Alternatively, a fihn can be formed by compressing a gel under conditions that 
permit water to escape, as, for example, by compressing the gel between two 
surfaces, at least one of which is porous. See, for example, Malson et al, U.S. 
Patent No. 4,772;419, the teachings of which are incorporated herein by reference in 

30 their entirety. 
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There are several ways in which the gel, film or sponge can be iramobilized 
on the support to make the composite device of this invention. For example, a layer 
of derivatized, cross-linked hyaluronic acid may be applied, either by soaking or 
dipping or spraying or spreading or by any other method of application, to at least 
5 one surface of a support to form a composite. A suitable support may be a matrix, 
sponge, fihn, or particles such as beads, which may be porous. If the surface of the 
support is porous,' the HA derivative will soak into the pores on the support surface. 
For example, porous beads may be soaked in the hyaluronic acid derivative for a 
suflficient period of time to allow the hyaluronic acid derivative to be absorbed and 
10 adsorbed by the pores of the beads. The composite is then dried under conditions 
that permit the escape of water fi"om the composite. 

The dried beads may be suspended in a solution of a solvent and a second 
biopolymer, for example, polylactic-polyglycolic acid - copolymer (PLGA). The 
suspension may then be poured into a mold, and the solvent allowed to evaporate. 
1 5 The composite thus formed will have the beads of derivatized HA and first 
biopolymer entrapped in a fine fihn of a second biopolymer. 

Dried beads may be compressed to form a sheet. The product is thus a 
composite sponge or film in which derivatized HA has formed a uniform layer in 
contact with at least a portion of the surface of the support. If the surface of the 
20 support is porous, a portion of the layer of derivatized HA is embedded and 
anchored into the surface of the support 

In another embodiment, a composite sponge or fihn havmg hyaluronic acid 
derivative on both sides of the support is prepared by pouring the water-insoluble gel 
of derivatized HA prepared according to the procedure described above, into a first 
25 mold having the desired shape and depth, and spreading the gel in the first mold to 
form a first gel layer of even thiclcness. A suitable support may be a matrix, sponge, 
fihn, or particles such as beads made firom another biocompatible material, for 
example collagen or gelatin. The support is spread on top of the evenly-spread first 
gel layer of derivatized HA. A second mold of the same size, shape and depth, is 
30 placed on the top of the support. Gel is poured into the second mold, and spread to 
form a second gel layer of even thickness m the second mold. In this manner, the 
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polymer used as supporting matrix is sandwiched between the two layers of 
derivatized HA gel which are molded to the support. The composite is fireeze-dried. 
The fi:eeze-dried composite is compressed and cut into specimens of the desired 
shape and size. 

5 To make a composite having derivatized HA gel on one side of the conqjosite 

and a different material on another side, the second mold can be filled with a 
different kind of gel. The composite that is formed will have derivatized HA on one 
side and the different material on another side. This embodiment of the invention 
provides a composite that could have a coating on one side that enhances adherence 
10 of the composite to wet tissue, and a coating on another side that prevents adhesion 
between tissues. Materials that are suitable for enhancing adherence of the 
composite to tissue include fibrin, collagen, cross-lmked collagen, and collagen 
derivatives, and any other polymers containing the peptide sequence, arginine (R), 
glycine (G), and aspartic acid (D). In surgical sites where suturing is not possible, 
15 and keeping the composite in place is difficult, this composite may stay in place just 
by adhering to the tissue. Suturing may not be required. 

These composites provide a sustamed source of derivatized HA at the 
surgical site as the composite biodegrades and is absorbed by the tissues. The rate of 
biodegradation, and thus the rate of release of derivatized HA can be controlled, in 
20 part, by the degree of cross-linking of HA, and the quantity of the cross-hnked HA 
loaded on the support The residence time of unmodified HA in the human body is 
generally less than a week. However, when HA is derivatized, the residence time is 
appreciably mcreased. hi general, an mcrease m the degree of cross-linking results in 
an increase in the time of residence. By controUmg the degree of cross-linking, a 
25 cross-hnked HA of desired residence tune can be synthesized. Furthermore, coating 
the derivatized HA on a porous, biodegradable support enables the derivatized HA to 
penetrate mto the pores of the support When the derivatized HA present on the 
surface of the support is degraded, there is still some derivatized HA present in the 
pores of the support. FoUowmg the bio-degradation of the derivatized HA present on 
30 the surface ofthe composite, the biodegradable matrix also degrades. During the 

degradation of the matrix, the derivatized HA trapped in the poires of the matrix is 
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released and thus provides a sustained supply of derivatized HA. After the resorption 
and degradation of the composite, the healed tissues come into contact with each 
other and resum6 theu: normal function. The derivatized HA selected for a particular 
use may have a biodegradation rate which is faster than the biodegradation rate of the 
5 support. The support, in fact, can be itself made of a sample of cross-linked HA 
having a slower rate of biodegradation than that of the derivatized HA loaded on the 
support. 

The rate at which the gel, fihn or sponge degrades and diffuses also depends 
on the insolubility, the density, and the degree of cross-linking of the modified HA in 

10 the composite. Just as gels, films and sponges which have a high degree of cross- 
linking are slow to degrade, modified HA which is more insoluble, or which has a 
higher degree of cross-linking, will degrade at a slower rate. Preferably, the density 
of modified HA in the film or sponge will be in the range of fi-om about 0. 1 mg/cm^ 
to about 10 mg/cm^. Those skilled in the art will know, or will be able to ascertain 

15 with no more than routine experimentation, the appropriate combination of 

insolubility, density and cross-liiiking that will yield a gel, film or sponge having the 
desired rate of degradation for a given situation. 

The composite structure can be used as a surgical aid to separate healing 
tissues or to prevent post-operative adhesion. Introduced to the tissues, either during 

20 surgery or post-operatively, the gel, film, or sponge made of derivatized HA 

according to the procedure described above, gets re-hydrated and forms a swollen 
gel. This swoUen composite, placed between or among the tissues, keeps the healing 
tissues separated firom each other and maintains the said separation during the 
healing process. The support matrix helps the composite stay in place.- Preferably, 

25 the composite stmcture should remain in place for a long enough period so that when 
it has entirely degraded and dispersed and the tissues do come into contact, the 
tissues will no longer have a tendency to adhere. The length of the post-operative 
period during which a contact-inhibiting effect between tissues should be maintained 
varies according to the type of surgery involved. 

3 0 Examples of surgical procedures in which the biocompatible gels, fibns and 

sponges of this invention may be used mclude, but are not limited to, cardiosurgery. 
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operations perfonned in abdominal regions where it is important to prevent 
adhesions of the intestine or the mesentery, operations performed in the urogenital 
regions where it is important to ward off adverse effects on the ureter and bladder, 
and on the functioning of the oviduct and uterus; and nerve surgery operations where 
5 it is important to minimize the development of granulation tissue. In surgery 
involving tendons, there is generally a tendency towards adhesion between the . 
tendon and the surrounding sheath or o&er surrounding tissue during the 
immobilization period follovraig the operation. 

In ophthahnological surgery, a biodegradable implant could be appUed in the 
10 angle of the anterior chamber of the eye for the purpose of preventing the 

development of synechiae between the cornea and the iris; this ^pUes especially in 
cases of reconstmctions after severe damaging events. Moreover, degradable or 
permanent implants are often desirable for preventing adhesion after glaucoma 

surgery and strabismus surgery. 
15 In yet another embodiment, this invention is directed to drug delivery 

systems. Free functional groups m the acylurea side-aim (e.g., amines, amides, and 
esters) can be fiirther reacted to bond with reactive therapeutic drug molecules, under 
conventional and known reaction conditions, to obtain vehicles for dehvery of 
therapeutic drugs. For example, hydrophobic and/or cationic "side-amas" may be 
20 attached to the HA polymer, to prepare use&l polymer carriers for therapeutic drugs. 
La carrying out the preparation of the derivatized HA of the invention, a sufficient 
proportion of the carbodihnide is reacted with the HA, or salt thereof, to obtain a 
polymer chain having recurring polymer chain units, interrupted by at least one 
disaccharide unit per HA molecule having a pendant acylurea side-am. See, for 
25 example, U.S. Patent No. 5,356,883, to Kuo et al, the teachings of which are 

incorporated herein by reference in their entirety. The biscarbodiimide cross-hnked 
hyaluronic acid possesses new drug-bindmg regions which do not interfere with 

biocompatibility. 

A controlled-release drug deUvery vehicle can be formed from a 
30 pharmaceutically-active substance, such as a therapeutic drug, which covalently 
bonds to, or noncovalently int^cts with, the modified HA polymer of the invention. 
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The non-covalent interactions include ionic, hydrophobic, and hydrophiUc 
interactions in which the drug is dispersed within the gel, fihn or sponge. As used 
herein, the tenn "dispersed" shall refer to ionic, hydrophobic, and hydrcphilic 
interactions between the drug and the modified HA. For example, by selection of 
5 appropriate carbodiimides, such as l-ethyl-3- (3-dimethylaminopropyl)-carbodiimide 
hydrochloride (EDC), a cationic moiety can be immobilized on HA polymer chains. 
This cationic site may serve as a noncovalent, ionic binding site for anionic 
substances such as non-steroidal anti-inflammatory drugs (e.g. naprosyn). In both 
cases, the modified HA functions as a vehicle which provides the controlled release 
10 of a drug firom the system. In both cases, the drug delivery system is then injected or 
implanted at the locus where delivery is desired. 

Any substance which has biological or pharmaceutical activity and which is 
normally considered to be a drug can be used as the drug component in the delivery 
systems of the invention. The choice of the substance will dqjend upon the specific 

1 5 use of the drug delivery system. Suitable pharmaceutically-active substances include 
growth factors, enzymes, therapeutic drugs, biopolymers, and biologically 
compatible synthetic polymers. 

A "therapeutic drug," as that term is used herein, includes, for example: 
compounds and compositions recognized in the official United States 

20 Pharmacopoeia, the official Homeopathic Pharmacopoeia of the United States, or the 
official National Formulary, or any supplement of any of them; compoimds and 
compositions intended for use in the diagnosis, cure, mitigation, treatment, or 
prevention of disease in man or other animals; and compounds and compositions 
(other than food) intended to affect the structure or any fianction of the body of man 

25 or other animals. 

Examples of classes of therapeutic drugs include steroidal and non-steroidal 
anti-inflammatory drugs, hormones and any synthetic analogues and 
pharmaceutically-active firagments thereof. 

Therj^jeutic drugs which are suitable for use in the delivery system of the 
30 invention may be fat soluble, water-soiuble, anionic or cationic, as long as they can 
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interact with a groiq) on the carbodiimide residue to forai either covalent or ionic 
bonds or hydrophobic or hydrophilic interactions, including those described below. 

A hydrophobic interaction between the drug and the modified HA can occur 
when, by appropriate selection of the carbodiimide, the hydrophilic HA is 

5 controllably converted in character to include a hydrophobic entity which is receptive 
to further interaction wilh a ther^eutic drug having a hydrophobic moiety. Suitable 
drugs include fetty acid derivatives, steroids (e.g., dexamethasone) and their analogs, 
and other drugs with hydrophobicity. 

The delivery system of the invention is particularly well-suited for 

10 administering growth factors (e.g., interleukiiis, prostaglandins, thromboxanes, 
leukotrienes and cytokines), steroidal and non-steroidal contraceptive agaits, 
antibiotics (e.g., penicillin, streptomycin and linocomycin), analgesics, sedatives, 
barbiturates, aminoalkylbenzenes, catecholamines, narcotics, narcotic antagonists, 
anti-neoplastic ^ents and anticoagulants (e.g., heparin and heparin sulfate). 

15 The drug concentration can be varied over very broad limits and preferably 

should be chosen depending on the solubility of the drug, its pharmaceutical activity, 

and the effect desired. 

Those skilled in the art will appreciate that the functional carboxyUc acid 
group of unmodified HA is sheltered by the molecule conformation, making it slow 

20 to react, it at all. The modified HA of this invention, however, is an HA acylurea 
which possesses at least one "side-aim" or "spacer" projecting outwardly from the 
polymer chain. This outwardly projecting side-arm includes one or more reactive 
sites, depending on the carbodiimide employed. The reactive site(s) include, at the 
least, a primary or secondary amino, amide, imino or ammonium group. The 

25 availability of a free amino group provides a reaction site .free of steric hindrance 
associated with the polymer chain. This reaction site may then be used to couple the 
water-insoluble compositions of the invention to a therapeutic drug. For example, a 
primary amine-fimctionalized HA can be used as a tether for drug coupling. A 
carboxylate-containing anti-inflammatory drug, such as Ibuprofen (2-methyl-4-(2- 

30 methyl-propyl) benzeneacetic acid), can be converted to the corresponding N- 
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hydroxysuccmimide (NHS) active esters, which can react with the primary amiae 
under physiological conditions. 

Peptides can also be linked to the amine tether of an amine-functionalized 
HA. A thiol-cleavable cross-linlcer such as dithiobis(succinimidyl)-propionate (DSP) 
5 is first used to cross-link the amine tethers of modified HA. Then, the sulfhydryl 
groups produced through the reduction of the disulfide bonds can react with the e- 
amino group of lysine of the peptides through the heterobifimctional cross-linker N- 
succinimidyl-3-(2-pyridyldithio) propionate (SPDP). 

Alternatively, therapeutic drugs containing reactive functional groups (e.g., 
1 0 hydroxyl, carboxyl, amino) can be co valently bonded to the carbodiimide prior to 
reaction with HA to form hydrolyzable bonds. Then, the carbodiimides which 
contain drugs can be attached to HA via the acylurea hnkage. For example, a 
carboxyl-containing therapeutic drug can react with a carbodiimide precursor, e.g., a 
thiourea, bearing a pendant amine or hydroxyl group to tether the drug through an 
1 5 enzymatically labile amide or ester linkage. The resultmg thiourea may then be 
converted to the corresponding carbodiimide. Upon reaction of the carbodiimide 
with the hyaluronic acid, a drug deUveiy system is obtained without further reactions. 

There are generally two chemical interactions in the drug delivery systems of 
the invention. The first is a very stable acylurea linkage between the modified HA - 
20 molecule and the carbodiimide moiety. The second is a less stable linlcage or 
interaction between the carbodiimide moiety and the therapeutic drug moiety. The 
less stable linkage is readily broken, releasing the therapeutic drug at the site of 
administration. The more stable chemical bond between the HA molecule and the 
carbodiimide moiety will ensure the release of the therapeutic drug without the 
25 release of the carbodiimide residue, which might affect the therapeutic action of the 
drug. 

Delivery is also related to the degradation of the gel, fihn or sponge as a result 
numerous metabolic processes taking place in vivo. The degradation process is 
usually slower than dififiision, which provides the delivery of a drug via dehvery 
30 systems in which the drug non-covalently interacts with the derivatized HA of the 
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gel. mm or sponge vehicle. By choosing the concentration of derivatized HA, one 
caii control the rate of degradation or diffusion and, thus, the rate of drug delivery. 

The modification of the HA by reaction with a carbodiimide does not 
adversely degrade the polymer. At a low degree of chemical modificatioii, the 
5 properties of viscoelasticitymaybe retained to produce asoluble product. One 

skiUed in the art will know, or wiU be able to ascertain with no more than routine 
experimentation, . the degree of chemical modification necessary to yield an insoluble 

gel. 

The drug delivery products of the invention can be administered to a 
10 mammal, including humans, in pharmaceutically-acceptable dosage forais, with or 

vdthout the use of phamiaceutically-acceptable carriers. Dosage forms include, but 
axe not limited to, intravenous, intra-articular, sub-cutaneous, oral and topical 

administration forms. 

In mammals, the majority of free HA in the body is taken up in the lymphatic 

1 5 system, this is especially tme for the higher molecular, weight HA. The HA 

circulating in the human body has a medium molecular weight in the range of 1 .4 x 
lO'toZTxlO'andistakenupbyhverendotheHalcells. HA with a molecular 
weight less than 2.5 x 10^ is within tiie filtration limit of human kidneys and is 
excreted in urine. Accordingly, one advantageous use of the composite for the 

20 treatment of certain neoplastic disease is an intravenous administration of an 
acylureaKjytotoxin combination, releasing the tiierapeutic drug at the site of 
neoplastic incursions. Also, by tiie selection of HA having an appropriate molecular 
weight, the kidneys can be targeted for drug administration. 

The invention is described in more detail in the following examples. These 

25 examples are given by way of illustration and are not intended to limit the mvention 



m any way. 
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EXEMPLIFICATION 
EXAMPLE 1 

This example illustrates an embodiment of the invention ia which a 
biscarbodiimide, jr7-phenylene-bis(efhylcarbodiimide), and HA are reacted at a molar 
5 equivalent ratio of 1 6.7% , to yield a water-insoluble gel. 

A solution of HA (6 mg/ml; 1 130-ml; 16.9 mequiv) was reacted with a 
solution of /?-phenylene-bis(ethylcarbodiimide) (1 mg/ml in acetone; 302-ml; 1.4 
imnol; 2.8 mequiv) according to a procedure described in U.S. Patent Nos. 
5,356,883, 5,502,081 and 6,013,679, the teachings of which are incorporated herein 

10 by reference in their entirety. The precipitate of the cross-linked HA was separated 
from the solution, washed, aud resuspended in saliae. The suspension was stirred for 
2 days in a cold room to form a water-insoluble gel of -4 mg/ml concentration. 
Chloroform equal to V^ of the volume of the aqueous solution was added to the 
solution and contents were vigorously stirred for seven days in the cold room. The 

1 5 reaction mixture was then centrifuged at 4'C and 43k ipm for one hour to remove 
chloroform. The aqueous/gel layer was aseptically collected and the concentration of 
sodium chloride in the collected aqueous/gel was adjusted to IM. The mixture was 
stirred for 15 minutes under aseptic conditions. Ethanol equal to 3 volumes of the 
solution was added to precipitate the cross-linlced HA and the precipitate was 

20 collected, squeezed to remove ethanol, and shredded into small pieces under aseptic 
conditions. The precipitate was re-dissolved in injection grade water to reconstitute a 
gel of desired concentration. 

EXAMPLE2 

Example.2 describes tiae preparation of Sponge 1, an embodiment of the 
25 invention which is a composite including cross-lirJced HA only. To make Sponge 1, 
a gel of cross-linked HA prepared according to the procedure described in Example 
1, was poured into an 8 cm x 8 cm mold under aseptic conditions. The mold 
containing the cross-linked HA gel was frozen at -45''C and then freeze-dried for 24 
hours xmder vacuum of less then 10 millimeters. The freeze-dried sponge was 
30 compressed under aseptic conditions and cut into 4 cm x 4 cm pieces. These sponges 
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were put in sterile pouches and sealed to keep them sterile. Tlie amount of cross- 
linked HA present in Sponge 1 was 6. 1 ± 0.8 mg/cm^ 



EXAMPLES 

Example 3 describes the preparation of Sponge 2. an embodiment of the 
5 invention which is a composite includmg cross-linked HA onboth sides of a porous, 
pliable, biocompatible, biodegradable support made of purified pork gelatin. The 
support used to malce Sponge 2 is commercially available fixim the Upjohn 
Company, and is sold under the name, CJelfoam®. (Gelfoam® is a registered 
■ trademark of the Upjohn Company. It is available as a sterile sponge of various 
10 dimensions for appUcation to bleeding surfaces as a hemostatic. Gelfoam® is a 
porous, non-elastic, pliable product prepared from purified pork skin gelatin USP 
granules and water for injection.) A 12.5cm ^ 8cm piece of sterile Gelfoam* was 
soaked for 3 hours in cross-linked HA gel prepared according to the procedure 
described in Example 1 . The soaked sponge, having a layer of cross-linked HA on 
15 both sides, was spre^ in a sterile petri dish and frozen at -45°C and then freeze-dried 
for 24 hours under a vacuum of less then 10 millimeters. The freeze-dried sponge 
was compressed under aseptic conditions and cut into 4 cm x 4 cm pieces. These 
sponges were put in sterile pouches and sealed to keep them sterile. The amount of 
cross-linked HA present on both sides of Sponge 2 was 4.7 ±0.8 mg/cml 



20 EXAMPLE 4 

Example 4 describes the preparation of Sponge 3, an embodiment of the 
invention which is a composite including cross-Unked HA on both sides of a porous, 
pliable, biocompatible, biodegradable support made ofpurified pork gelatin. The 

pork gelatin used is commercially available under the registered trademark name, 
25 Gelfoam®, from the Upjohn Company. A 12.5cm x 8cm piece of sterile Gelfoam® 
was soaked for 3 hours in cross-linked HA gel of 3.mg/ml concenh^on. The 
soaked sponge, having a layer of cross-Unked HA on tiie botii sides, was spread in a 
sterile petri dish and frozen at A5'C and flien freeze-dried for 24 hours under a 
vacuum of less then 10 miUimeters. The freeze-dried sponge was compressed under 
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aseptic conditions and cut into 4 cm x 4 cm pieces. These sponges were put in sterile 
pouches and sealed to keep them sterile. The amount of cross-linked HA present on 
the Sponge 3 was 1.3 ± 0.5 mg/cml 



EXAMPLE 5 

5 Example 5 describes the preparation of Sponge 2 A, an embodiment of the 

invention which is a composite including cross-linked HA on both sides of a porous, 
pHable, biocompatible, biodegradable support made of collagen from bovine tendon. 
The collagen used to make the support for Sponge 2A is commercially available from 
Integra-LifeSciences, and was one-half the density of the nonnal collagen sponges 
1 0 sold under the name, Helistat® . (Helistat® is a registered tradename of hitegra- 
LifeSciences.) 

The tendon collagen matrix was cut into 4.4cm x 4.4cm square pieces. These 
pieces were heat sterilized in a vacuum oven at 140°C for 4 hours. After cooling 
imder aseptic conditions, cross-linked HA gel (6.8 mg/ml, 3±0.1ml), prepared 

15 according to the procedure described in Example 1, was poured in to a 4.4cm x 
4.4cm mold under aseptic conditions and spread into a layer of even thickness. A 
4.4cm X 4.4cni piece of collagen sponge was placed on the top of the spread gel, and 
it was covered with another layer of cross-linked HA gel (6.8 mg/ml, 4±0. Iml). The 
collagen sponge was allowed to soak in the gel for 16 hours under aseptic condition 

20 in a refrigerator. The mold containing the composite was frozen at -46 °C and then 
freeze-dried for 24 hours under a vacuum of less than 10 millimeters. The freeze- 
dried composite was compressed under aseptic conditions and cut into 3.5 cm x 3.5 
cm pieces. These sponges were put in sterile pouches and sealed to keep them 
sterile. The amount of cross-linked HA present in Sponge 2A was 2.6±0.2mg/cm^. 

25 EXAMPLE 6 

4 

Example 6 describes the preparation of Sponge 2B, an embodiment of the 
invention which is a composite including cross-linked HA on both sides of a porous, 
phable, biocompatible, biodegradable support made of collagen from bovine tendon. 
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The coUagen, similar to that used in Example 5, was one-half the density of the 
normal collagen sponges sold under the name, Helistat®. 

The tendon coUagen matrix was cut in to 4.4cm x 4.4cm square pieces. These 
pieces were heat sterilized in a vacuum oven at 140°C for 4 hours. After cooling 

5 amder aseptic conditions, cross-linked HA gel (3.8 mg/ml. 3±0.1ml). prepared 
according to the procedure described in Example 1, was poured in to a 4.4cm x 4.4 
cm mold under aseptic conditions and spread into a layer of even thickness. A 4.4cm 
X 4.4cm piece of collagen sponge was placed on the top of it and it was covered with 
another layer of cross-linked HA gel (3.8 mg/ml, 4±().lml). The collagen sponge was 
. 10 allowed to soak in the gel for 1 hour under aseptic condition in a reftigerator. The 
mold containing the composite was flx)zen at -46 °C and then fieeze-dried for 24 
houfs under vacuum of less then 10 millimeters. The freeze-dried composite was 
compressed under aseptic conditions and cut into 3.5 cm x 3.5 cm pieces. These 
sponges were put in sterile pouches and sealed to keep thena sterile. The amount of 

15 cross-linked HA present in Sponge 2B was 1 .42 +0.05mg/cin^ _ 

EXAMPLE? 

This example describes the preparation of an embodiment of the invention. 
Sponge 7, a composite having HA derivative on both sides of a support made of 
coUagen. The HA derivative has at least about 1% cross-linking, and was prepared 

20 according to the following procedure. 

A solution of hyaluronic add (M. Wt. 2.35x10"* Daltons, 1922 ml, 6 mg/ml, 
pH 4.75, 28.76 mmoles) in saline was cross-linked using a solution of cross-linkeri?- 
phenylene-bis(ethylcarbodiimide) in acetone (1 mg/ml, 246 ml, 1.15 mmoles). The 
cross-linked HA was precipitated, separated from the solution and washed with 

25 ethanol. A weighed portion of the precipitate was dissolved in sterile water to fonn 
cross-linked HA gel of ~7.7 mg/ml concentration. 

Non-sterile coUagen sponge was cut in to square pieces of desired 
dimensions. Cross-linked HA gel (7.7 mg/ml, 24ml), prepared according to the 
procedure described above was poured in to the lower chamber of a 12cm x 8cm 

30 mold and spread into a layer of even thickness. A 14cm x 10cm piece of collagen 



t 
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sponge was placed on the top of the spread gel aad it was covered with another layer 
of cross-linlced HA gel (7.7 mg/ml, 24 ml). The collagen sponge was allowed to 
soak in the gel for 1 hour under aseptic condition in a refrigerator. The mold 
containing the composite was frozen at -46 °C and then freeze-dried for 24 hours 
5 under vacuum of less then 1 0 millimeters. The freeze-dried composite was 

compressed and its sides were trmmed to make a sponge, 1 1.5cm x 7.5. This larger 
piece of sponge was then cut in to four 5.5cm x 3.5 cm pieces. Each piece was 
individually packed in a pouch made from spun-bonded olefin, sealed and sterilized 
by ethanol The amount of cross-linked HA present in the composite. Sponge 7, was 
10 4.3 mg/cinal 

EXAMPLES 

This example describes the preparation of an embodiment of the invention. 
Sponge 8, a composite having HA derivative on both sides of a support made of 
collagen. The HA derivative has at least about 8% crosslinking, and was prepared 

15 according to file following procedure. A solution of hyaluronic acid (M. Wt. 
0.76x10^ Daltons, 404 ml, 6 mg/ml, pH 4.75, 6.0 mmoles) in saline, was cross- 
linked with a solution of cross-linker /?-phenylene-bis(ethylcarbodiinude) in acetone 
(1 mg/ml, 51.7 ml, 0.24 mmoles). 

The cross-linked HA w^as precipitated, separated from the solution, and 

20 washed with ethanoL A weighed portion of the precipitate was dissolved in sterile 
water to obtain cross-hnked HA gel of -7,5 mg/ml concentration. 

Non-sterile collagen sponge. Custom- made by Collagen Matrix Inc. (Lot 
#123098) was cut into square pieces. Cross-linked HA gel (7.5 mg/ml, 24m]), was 
poured into the lower chamber of a 12cm x 8cm mold and spread to form a layer of 

25 even thickness. An 1 1.5cm x 7.5cm piece of collagen sponge was placed on the top 
of the cross-linked HA gel layer, and the sponge was covered with another layer of 
cross-linked HA gel (7.5 mg/ml, 24ml). The collagen sponge was allowed to soak in 
the gel for 1 hour under aseptic conditions in a refrigerator. The mold containing the 
composite was frozen at - 46 °C and then freeze-dried for 24 hours under vacuum of 

30 less then 10 millimeters. The freeze-dried composite was compressed and its sides 
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were trinHued to xnake a composite sponge of 1 1 .5 x 7.5 cm. This larger piece was 
then cut into four 5.5 x 3.5 cmpieces. Eachpiece was individually packed m a 
pouch made fiom spun-bonded olefin, sealed and steriUzed by ethyl alcohol. The 
amount of cross-linked HA prese^it in the composite. Sponge 8. was 4.2 mg/cml 

5 

EXAMPLE 9 

The study described in this example was undertaken to evaluate the 
effectiveness of embodiments of the invention, versus a comparative device, as 
prophylaxis against adhesions in a peritoneum model involving traumatization of the 
10 caecuminrabbits. The HA derivative used m the study was prepared accordmg to 
the procedure described in Exaicqple 1 of the invention. 

Five groups (A through E) of twelve rabbits per group comprised this study. 
The animals in Group-A were treated with sponges (Sponge 1) and the density of the 
cross-linked HA (or chemically modified HA) in tbese sponges was 6.1 ±0.8mg/cm . 
1 5 Group-B and Group-C animals were Heated with Sponge 2 and Sponge 3, 
respectively. The density of the cross-linked HA in these composites were 4.7 
±0 8mg/cm^ and 1.3 =b0.5mg/cm^ respectively. The animals in Group-D were treated 
with a commercially available comparative device. Seprafihn*. and served as a 
positive control (Seprafilm* is a registered trademark of Genzyme Corporation.) 
20 The anhnals in Group-E were untreated and served as a control. 

The experimental animal was a male/female Bastard rabbit weighing between 
2.5-3.5 kg and 3-4 months of age. Tie animals were anesthetized with 0.05 mg 
atropine Ld ether for anesthesia. Their abdomens wei^ prepared for surgery by 
shearing.shavinganddisinfectingtheabdominalskin. The abdommal cavity was 
25 exposed by median laparotomy causing the eventration of app^dix and small 

intestine. The visceral peritoneum adjacent to the wall defect was traumatized. The 

surfece of the caecum was carefuUy rubbed with a sterile gauze compress for 15 
xninutes. Spotty hemonhage occurred at the surface foUowed by hemorrhaging 
surface. Visceral peritoneum that was associated with the remaming intestinal loop 
30 was also traumatized using the same procedure for 5 minutes. A3x3cmpieceof 
the peritoneum of the underlying transverse abdominal muscle was excised fiom the 
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right side of fee abdominal wall A 4 x 4 cm piece of each test sample (Sponge 1, 
Sponge 2, Sponge 3, and Seprafilm®) was implanted in such a way as to overlap the 
defect. The implants, Sponge 2 and Sponge 3, were each fixed at the four comers 
with surgical sutures, made fiom a polyglyconate, available commercially as Maxon® 
5 USP4/0. Maxon® is a registered trademark of American Cyanamid Co. Corp. The 
wounds were closed, and the animals were allowed to recover. 

Twenty-one days following surgery, all animals in each group were sacrificed 
and their abdomens examined for the presence of adhesions in the window of the 
abdominal wall. The tenacity of adhesion was detennined with a tensiometer by 
10 measuring the force required to separate the adhered tissues. The adhesion was 
measured as the ratio of the size of the window in the abdominal wall and the area of 
adhesion. 

The incidence of adhesion formation and tenacity of each adhesion was 
detennined and compared between the treated and untreated (control) animals. The 

1 5 validity of a test article being able to prevent the development of an adhesion was 
detennined by statistical analysis of the reduction of incidence rate and tenacity of 
adhesion between the treated and untreated animals. 

As shown in Table 1, the sponge used in Group-A (Sponge 1) and the 
composites used in Group-B and Group-C (Sponge 2 and Sponge 3) were all 

20 effective as anti-adhesion compositions. Sponge-1 and Sponge-2 materials out- 
performed the Seprafilm* positive control. In the case of Sponge-3, performance was 
somewhat inferior to Seprafibn* 

and ttiis is likely due to the lower concentration of cross-linked HA used in this 
material. 
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Table 1 

Example 9, Testing in Animal Model 



Qrnut) I 


Name of the 1 
Device 1 


Description [ 
of the Device 


Density 
of Mod. HA 

(mg/crf) 1 


Number 1 
of Rabbits 1 


Number of 1 

ftjiiTiid.m witi* 1 

Adhesion | 


% 

Tenacity | 










2/12 
(16.6%) 


11.25 
±11.8 


A 


Sponge 1 


(Mod. HA 
only) 1 


6.1 ±0.8 1 


11 


B 


Sponge 2 


Conaposite 
(Gelatin, HA 
1 deriv.j'bofh 
sides) 


4.7 ±0.8 


11 


2/12 I 
(16.6%) 


15.70 
±11.03 










7/9 
(77.7%) 


1 12.30 ■ 
±5.71 


C 


Sponge 3 


Composite 
(Gelatin, HA 
1 deriv., both 
1 sides) 


1 1.3 ±0.5 


1 9 


D 


1 Cozx^anson 


1 Seprafilm® 




1 


1 6fn 

1 (54.5%) 


1 ^'^ 

1 ±2.95 1 


E 


1 Control 


Control 




1 


1 n/ii 

(100%) 


j 26.36 
1 ±11.93 



10 



EXAMPLE 10 

The study described in fids example was undertaken to evaluate the 
effectiveness of the composites of cross-Unked HA and collagen (Sponge 2A and 2B) 
as prophyl^ against adhesions in a p^toneum model involving traumatizatxon of 

the caecum in rabbits. 

Two groups (A and B) of twelve rabbits per group comprised tins study. The 
15 animals in Group-A were treated with Sponge 2A and the density of the cross-linked 
HA in these composites was 2.6 ±0.2mg/cm^ Animals in Group-B were treated with 
Sponge 2B and the density of the cross-hnked HA in the composites used was 1 .4 
±0.05mg/cm^ The animals of Gro«p-D and Group-E of the previous experiment 
served as a positive control and control, respectively. 

The animals used in this study and the study protocol were the same as 

described above in Example 9. 



20 
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A 3.5 X 3.5 cm piece of the test sample (Sponge 2A, Sponge 2B) was 
implanted in each of the test animals and fixed at the four comers with surgical 
sutures. The wounds were closed and animals were allowed to recover. 

Twenty-one days following surgery, all animals in each group were sacrificed 
5 and their abdomens examined for the presence of adhesions in the window of the 
abdomiaal wall, the tenacity of adhesion determined by measuring the force of 
removal with a tensiometer, and the ratio of the size of the window in the abdominal 
wall and the area of adhesion measured. 

The validity of a test article being able to prevent tiie development of an 
10 adhesion was determined by statistical analysis of the reduction of incidence rate and 
tenacity of adhesion between the treated and untreated animals. 

As shown in Table 2, the composites used in Group-A (Sponge-2A) and 
Group-B (Sponge-2B) were effective as anti-adhesion compositions. In each case, 
the sponge materials (2A and 2B) out-performed the Seprafilm* positive control. 

15 Table 2 



Example 10, Testing in Animal Model, Collagen Support 



Group 


Name of the 
Device 


Description 
of the 
Device 


Density 
of Mod. 

HA 
(mg/cm^) 


No. of 
Rabbits 


Number of 
Animals 

with 
Adbesion 


% Tenacity 


A 


Sponge 2A 


Collagen 
Siq>port, 
HA 


2.6 ±0.2 


12 


4/12 
(33.3%) 


1.6 ±0.4 


B 


Sponge 2B 


Collagen 
Support, 
HA 


1.4 ±0.05 


12 


5/12 
(41.6%) 


1.9 ±0.53 


D 


Con^aiison 


SeprafUn]® 


• 


11 


6/11 
(54.5%) 


8.0 ±2.95 


E 


Control 


Control 




11 


11/11 
(100%) 


2636 ±11.93 



PCTAJSOl/40794 

WO 02/09792 

-29- 



EXAMPLEU 

The study described in this example was undertaken to evaluate the 
•effectiveness of two composites of this invention m prevention of pericardial 

adhesion in a rabbit model. 
5 Animals: 50 New Zealand mite rabbits (07ycto/agwscimicM/Ms),vveighing 

2.8 to 3.3 kg. The study was performed m accordance with the NIH guidelines as 
described mthe Guide for the Care andUse of Laboratory Animals, National 
Academy Press, 1996. 

Study Design 

10 The following treatment groups were used: 

A. Control D- Gel, HA derivative only 

B. Sponges E. Comparative Seprafihn® n (Genzyme 

Corp.) 



15 



C. Sponge 7 

The study investigated vectorial information about effective size and 
variance. 



Siurgical Procedure 

The rabbit pericardial adhesion model was conducted essentially as described 
20 by Wiseman et al (J. Surg. Res. Vol. 53, pp.362-8 (1992)) with minor modifications. 
Briefly, after anesthesia was induced by intramuscular injection of a mixture of 
ketamiie 50mg and xylazine lOmg/ml, ImL/Kg, the thorax was entered via a median 
sternotomy and a median pericaidotomy performed. A standard abrasion was made 
on the anterior (ventral) surface using dry two-ply gauze. On completion of abrasion 
25 and attainment of hemostasis the surgeon was made aware of Ihe random assignment. 
Sponges 8 and 7 and Separafihn* E were each cut in an elUptical shape to cover the 
anterior cardiac surface in Groups B. C. and E animals, respectively. In Group D . 
animals, a gel including HA derivative only. 2.5ml, was appUed via syringe and 
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gently spread over the anterior cardiac surface. Controls consisted of animals 
undergoing sham surgery, receiving no material. 

Between 28 and 30 days post surgery animals were euthanatized by 
intravenous injection of 120 mg/mL/lcg of sodium pentobarbital and the heart and 
5 anterior tihoracic wall dissected en bloc. The extent, tenacity and density of 
adhesions were noted on the posterior side of the heart, the lateral borders and the 
anterior surface of the heart. 

The primary eflBcacy parameter evaluated for each animal was the percentage 

length of adhesion involvement of the "central strip." The "central strip" is a 1 cm 
10 strip of anterior (ventral) ventricle epicardium extending from the apex of the heart 

caudally to the atrioventricular junction. This is the area most likely to form 

adhesions in a consistent manner. 

Secondary parameters evaluated included the tenacity and density of 

adhesions, as well as, epicardial visibiUty. The percent length involvement of the 
1 5 lateral epicardium and the posterior (dorsal) epicardium were noted. These 

parameters were scored on a scale of 0 (no adhesions/completely visible) to 3 (severe 

adhesions/completely obliterated). 

Tenacity of Adhesions (secondary parameter) 

Assessments of adhesion tenacity were made at each location, i.e., 
20 0 = no adhesions 

1 = filmy adhesions easily separable by blunt dissection 

2 = more cohesive adhesions separable by aggressive blunt or mild sharp 
dissection 

3 = strongly cohesive adhesions that require aggressive sharp dissection. 

25 D ensity of Adhesions (secondary parameter) 

0 = no adhesions 

1 = sparse distribution of adhesions, many gaps observed between individual 
bands 
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2 = adhesions occuiiing in clianps, some free areas noted within ovelaU 
involved area 

3 = adhesions completely covering the involved area. 

Evaluations were made by the same observer blinded as to the group 
5 assignment of the particular animal. For each treatment group and location the mean 
length of adhesions (± SEM) was calculated and compared to controls. As the term 
is used herein. "SEM" refers to the mean standard deviation for each group, and is 
obtained by dividing the average deviation for each sample by the square root of the 
number of samples. The average % extent for the left and right anterior surface was 
10 taken for each animal and used to calculate the mean lateral adhesion extent for the 
group. Tenacity, density and visibiUty scores along the central strip were compared 

against controls using the test. 

Photographs were taken of Ihe surgical procedure and during the dissection of 
representative specimens. Representative specimens were placed mto neutral 
15 buffered foimahn for histology. At least one specimen per gro,^ was taken without 
dissection of the lateral or anterior surfaces of the epicardium. The results of 
Example 1 1 are summarized in Table 3 below, and in the Figure. 
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Table 3: Results of Example 11 



Effect of Cross-linked Hyaluronan Formulations on Pericardial Adhesion 
Formation vs. Comparative and Control in the Rabbit Model 


Group 


No. of 
animals 


Central 
Strip%' 






Visibilit/ 


Lateral' 


A: Control 


11 


Mean 80.45 
SEM 8.5 


2.5 
0.2 


2.8 
0.2 


■ 1.7 
0.2 


54.3 
9.6 


B: Sponges 


6 


Mean 53.3 
SEM 8.4 


1.5 
0.2 


1.83 
0.2 


1.8 
0.4 


40 
5.9 


C: Sponge? 


11 


Mean 53.6 
SEM 9.05 


1.2 
0.1 


2.0 

0.2 


1.3 
0.3 


40.2 
7.2 


D: Gel, HA 
derivative only 


10 


Mean 34.6t 
SEM 8.24 


. 1.4 
0.2 


1.8 

0.2 


1.3 

0.4 


18.6 
8.5 


E: Comparative 
(Sq>rafilm®II) 


11 


Mean 50.5J 
SEM 6.76 


1.6 
0.1 


2.1 
. 0.2 


1.5 
0.2 


33.9 
8.4 


1. % of Central Strip mth adhesions 

2. Mean tenacity of adhesions along central strip 

3. Mean density of adhesions along central strip 

4. Mean visibility: ability to visuaUze epicardial vessels (0-3 scale) 

5. Average % length involved with adhesions for left and right anterior epicardial 
surfaces 

t p<0.01 Diinnett's t test vs. control 
t p<O.OS Dunnett's t test vs. control 



20 

Reduction in the extent, tenacity and density of adhesions were noted with all 
test materials, the greatest reductions being observed with the cross-linked derivative 
gel only. The average percentage area of adhesion for the gel only was 35%, as 
compared to 80% for the untreated control. All of the test materials were easy to 
25 handle and apply and no adverse effects attributable to the use of the materials were 
noted. 

While this invention has been particularly shown and described with 
references to preferred embodiments thereof, those skilled in the art will recognize or 
be able to ascertain using no more than routiae experimentation, many equivalaits to 
30 embodiments of the invention described specifically herein. Such equivalents are 
intended to be encompassed in the scope of the following claims. 
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CLAIMS 



What is claimed is: 



1. 



A composite for reducing post-operative adhesion of tissues, comprising: 

a) abiocompatible, biodegradable support; and 
5 b) ahyaluromcacidderivativeatthesupport,saidhyaluroiucacid 

derivative including an N-acylurea that results from reaction of 
hyaluronic acid with a multifunctional carbodiimide. 

2. The composite of Claim 1. wherem the hyaluronic acid derivative is water 
insoluble. 

10 3. Ihecompositeof Claim 1, wherem themultifimctional carbodiimide 
employed to form the N-acyluiea is a biscarbodiimide. 



4. 



Tl,e composite of Claim 3. wherem the biscarbodiimide has the structure: 

Ri.N=C=N-R'-N=C=N-ie, 
where R', and are each independentiy selected from the group 
15 consisting of hydrocarbyl. substituted- hydrocarbyl, alkoxy. aryloxy, and 

. alkaryloxy groups. 

5. The composite of Claim 4, wherein the biscarbodiimide isp-phenyleae- 
bis(ethyl carbodiimide). 

6. The composite of Claim 4. wherein the bisc^odiimide is selected from the 

20 group consisting of: 

1,6-hexamethylene bis(ethylcarbodiimide); 
l,8-octam6thylene bis(etfaylcarbodiimide); 
1 ,10 decamethylene bis(ethylcarbodiimide); 
1,12 dodecamethylene bis(ethylcarbodiimide); 
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PEG-bis(propyl (ethylcarbodiimide)); 
2,2'-dithioethyl bis(ethylcarbodiimde); 
l,r-dithio~/?-phenylene bis(ethylcarbodiiniide); and 
1 , 1 -dithio-m-phenylene bis(ethylcarbodiimide). 

5 

7. The composite of Claim 3, wherein the hyaluronic acid derivative is at least 
about 1% cross-linked. 

8. The composite of Claim 7, wherein the cross-linked hyaluronic acid 
derivative is in the form of a sponge. 

10 9. The composite of Claim 7, wherein the cross-liiiked hyaluronic acid 
derivative is in the form of a film. 

10. The composite of Claim 7, wherein the cross-linked hyaluronic acid 
derivative is in the form of a gel. 

1 1 . The composite of Claim 7, wherein the support is porous, and a portion of the 
15 cross-linked hyaluronic acid derivative covers a surface of the support, and 

another portion of the cross-linked hyaluronic acid derivative is within pores 
of the support. 

12. The composite of Claim 11, wherein the cross-linked hyaluronic acid has a 
fii;^t biodegradation rate and the support has a second biodegradation rate, 

20 wherein said first biodegradation rate is faster than said second 

biodegradation rate at room temperature, and wherein, upon biodegradation 
and removal of at least a portion of the cross-linked hyaluronic acid covering 
the surface of the support, at least a portion of the cross-linked hyaluronic 
acid remams ia the pores of the support when the composite is in use in vivo. 
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13. 



5 15. 



10 



The composite of Claim 1, wherein at least 2% of carboxyl functionaUties of 
the hyaluronic acid have been derivatized. 



14. Ihe conaposite of Claim 13. wherein at least 15% of tiie derivatized 
functionalities are 0-acylisoureas or N-acylureas. 



« 

The composite of Claim 1, wherein the support is selected from the group 
consisting of cross-hnked alginates, gelatin, collagen, cross-hnked collagen, 
collagen derivatives, cross-linked hyaluronic acid. chitosan.chitosan 

derivatives. ceUulose and derivatives thereof, dextran derivatives, polyamomc 
polysaccharides and derivatives thereof, polylactic acid (PLA). polyglycohc 
acid (PGA), a copolymer of apolylactic acid and apolyglycohc aad (PDGA). 
lactides, glycoUdes, polyoxanones, polyoxalates, copolymer of poly(bxs(p- 
carboxyphenoxy)propane)anhydride (PCPP) and sebacic acid, poly(l- 
glutamic acid), poly(d-glutamic acid), polyacrylic acid, poly(dl-glutamic 
acid). polyCl-aspartic acid), poly(d-aspartic acid), poly(dl-aspartic acid), 
,5 polye^ylene glycol, copolymers of polyamino acids wi^polyetiiylene glycol, 

polypeptides, polycaprolactone, poly(a]kylene succinates), poly(hydroxy 
. butyrate) (PHB), poly(butylene diglycolate), nylon-2/nylon.6-copolyamides. 
polydihydropyrans, polyphosphazenes, poly(ortho ester), poly(cyaao 
acrylates), polyvinylpyrroUdone, and polyvinylalcohol. 

20 16 ThecompositeofClaiml5,wherein1hesupportisapolypeptideselected 
from the group consisting of polycasein. ketutin. myosin, and fibrm. 



17. 



Ihe composite of Claim 1 . wherein the hyaluronic acid derivative comprises 
a first layer, and the biocompatible, biodegradable support compnses a 
second layer having at least one surfece in contact with said first layer. 

25 18 IhecompositeofClaiml.whereinthesupporthasatleasttwodistinctsides 
and the hyaluronic acid derivative is located on at least one of the tv.o sides. 



1 
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1 9. The composite of Claim 1 , wherein the support is a matrix. 

20. The composite of Claim 19, wherein the matrix is porous. 

21. The composite of Claim 20, wherein the matrix is a sponge. 

22. The composite of Claim 1, wherein the support is a film. 

5 

23. The composite of Claim 1, wherein the support is a composite of particles. 

24. The composite of Claim 23, wherein the particles are beads. 

25. The composite of Claim 24, wherein the beads are porous and are bound 
together by a biosibsoibable material. 

10 26. The composite of Claim 1, further including a pharmaceutically-active 
molecule. 

27. The composite of Claim 26, wherein the pharmaceutically-active molecule is 
selected firom the group consisting of growth factors, enzymes, therapeutic 
drugs, biopolymers, and biologically compatible synthetic polymers. 

15 28. The composite of Claim 1, further including a material that enhances 
adherence of the composite to tissue. 

29. The composite of Claim 28, whereiu the material that enhances adherence to 
tissue is a polymer containing the peptide sequence, arginine (R), glycine (G), 
and aspartic acid (D). 
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30 Theco..positeofClaiH.28,whexein^e^erialthate^cesadh.^^^^^ 
■ theco.positetotissueisapolyn.erselectcdfrommegroupcons:..ngof 

fibrin, collagen, cross-linked coUagca. and collagen derivatives. 



31. 

5 



10 



A compcrite for «duotag po«-op=raSve adheioa of tissues, con^ 
a, abiooompaSble, Modegtadable support; =b4 

toiv.tiv=tacl»dtaga«N-«ylur«M«sul.sftomr=acttoaof 
i™l„„.ic acid wifli a Mul<iSMcdo,»I c^dMd. wh«ta « l»s. 
25% otd«iv.«tod fu-ctionsUte of hydummc «dd derivative are 
0-acylisoureas or N-acylureas. 
3,. Theco.positeofClaim31.whereinthehyal«ronicacidderivativehasbeen 
i-linked by the muiti&nctional carbodiimide. 



33. 



15 



cross- 



tte co^si.. of Claim 32, wher^n ^ carbofiirmde is u-biscarWiimid. 



34. A drug deUvery vehicle, comprising: 

a) a biocompatible, biodegradable support; 
bl ahyaluronic acid derivative component at the biocompatible. 

biodegradablesupport,saidhyaluronicacidderivativecomponent 

including ^ N-acylurea that is formed by reaction of hyaluromc acid 
with a multifunctional carbodiimide; and 
20 c) a ph^aceutically active molecule at the hyaluronic acid derivative 

component. 



35. 



The ^ dettvery vehicle of Claim 34, wherein *e hyalurouic acid derivaSv. 
compoB^iiscn.ss-M^ci"**'"'^'*"'^"-^'''**"*'- 



riaitn 34 whetein the multifunctional 
36. The drug dehvery vehicle otuajmJ't.waci 

25 carbodiimideisabiscarbodiimide. 
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37. The drug delivery vehicle of Claim 34, wherein at least one side aim of the 
N-acylurea is bonded to the phannaceutically-active molecule. 



38. The drug deUvery vehicle of Claim 34, wherein the phaimaceutically-active 
molecule is selected from the group consisting of growth factors, enzymes, 

5 therapeutic drugs, biopolymers, and biologically compatible synthetic 

polymers. 

39. A composite for reducing post-operative adhesion of tissues, comprising: 

a) a biocompatible, biodegradable support; and 

b) a hyaluronic acid derivative at the support, said hyaluronic acid 
1 0 derivative including an N-acylurea that results from reaction of 

hyaluronic acid with a mixture' of a multifunctional carbodiimide and 
a monocarbodiimide. 



40. The composite of Claim 39, wherein said monocarbodiimide is of the 
formula: 

15 R»-N=C = N'-R2 

in which and R^ are each independently selected from the group 
consisting of hydrocaxbyl, substituted- hydrocarbyl, alkoxy, aryloxy, 
alkylaryloxy. 

41 . The composite of Claim 39, wherein said monocarbodiimide is selected from 
20 the group consisting of : 

l-ethyl-3- (3-dimethylaminopropyl)-carbodiimide hydrochloride (EDC); 
1 -cyclohexyl-3-(2-morpholinoethyl)carbodiiinide metho-/?-toluenesulfonate 
(CMC); 

l-(3-(dimethylamino)propyl)-3-ethylcarbodiimide methiodide (BAG); 
25 l,3-dicyclohexylcarbodiimide(DCC); and 

l-ben2yl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (BDC). 
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42, The composite 
biscarbodiimide. 



ite of Claim 39. wherein the multifunctional carbodiimide is a 



43. 



The composite of Claim 39. wherein the multifunctional caibodiimide is a 

biscarbodiimide having the structure: 

Ri-N=C=K-R'-N=C=N-R', 
' • whereR^R^andR^areeachindepeadentlyselectedftomthegroup 

consisting of hydxocaAyl, substituted- hydrocarbyl, alkoxy. ^loxy. -d 
alkaryloxy groups. 

44. The composite of Claim 43. wherein the biscarbodiimide isp-phenylene- 
10 bis(ethyl carbodiimide). 



45. 



15 



20 



The composite of Claim 43, «h=eta *= biscarbodiimide is «lcc W ftom ft. 
group consisting of: 

1 6-hexamethylenebis(ethylcarbodiimide); 
1,8-octamethylene bis(ethylcaibodiimide); 
1,10 decamethylene bis(ethylcarbodiimid6); 
1,12 dodecamethylenebis(ethylcarbodiimide); 
PEG-bis(propyl (ethylcarbodiimide)); 

2,2'-dithioediyl bis(efhylcaibodiimde); 

l.l'-dithio-p-phenylene bis(ethylcarbodiimide); and 

l.l'-dithio-m-phenylenebis(ethylcarbodiimide). 

46. The composite of Claim 39, further including apharmaceutically active 
molecule at the hyaluronic add derivative component. 



47. 



The composite of aaim 46, wherein a. leas. on. side arm of*. N-acylurea U 
hOTdai to the pharmaoeutioally-aotive molecule. 
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The composite of Claim 46, wherein the pharmaceutically-active molecule is 
selected jfirom the group consisting, of growth factors, enzymes, therapeutic 
drugs, biopolymers, and biologically compatible synthetic polymers. 

A method of forming a composite for reducing post-operative adhesion of 
tissues, comprising the step of applying a hyaluronic acid derivative to a 
biocompatible, biodegradable support, said hyaluronic acid derivative 
including an N-acylurea that results from reaction of hyaluronic acid with a 
multifunctional carbodiimide. 

The method of Claim 49, wherein the hyaluronic acid derivative formed is 
water insoluble. 

The method of Claim 49, wherein the multifunctional carbodiimide is a 
biscarbodiimide. 

The method of Claim 51, wherein the biscarbodiimide has the structure: 

R^-N=C=N-R^-N=<;=N-R\ 
where R^ and R^ are each independently selected from the group 
consisting of hydrocarbyl, substituted hydrocarbyl, alkoxy, aryloxy, and 
alkaryloxy groups. 

The method of Claim 52, wherein the cross-linked hyaluronic acid derivative 
is cross-linked with /7-phenylene-bis(ethylcarbodiimide). 

The method of Claim 52, wherein the cross-linked hyaluronic acid derivative 

is cross-linked with a biscarbodiimide selected from the group consisting of: 

1,6-hexamethylene bis(ethylcarbodiimide); 

1,8-octamethylene bis(ethylcarbodiimide); 

1,10 decamethylene bis(ethylcarbodiimide); 

* 

1,12 dodecamethylene bis(ethylcarbodiimide); 
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5 55. 



56. 



10 



15 



20 



PEG-bis(propyl (efhylcarbodiimide)); 
2,2'-dithioethyl bis(ethylcarbodiimde); 
l,l'-dithio-p-phenyleae bis(et3iylcarbodiimide); and 
1 .r-dithio-m-pbeaylene bis(ethylcarbodiiimde). 

The method of Claim 5 1, wherein the hyaluronic acid derivative is at least 
about 1% cross-linked. 

The method of Claim 49, wherein the support is selected from the group 
condsting of cross-Uriced alginates, gelatin, coUagen, cross-linked coUagen, 
collagen derivatives. cross-liiJced hyaluronic acid, chitosan. cktosan 
derivatives, such as. methylpynolidone-chitosan, cellulose and denvatives 
thereof, dextran derivatives, polyanionic polysaccharide, and derivatives 
thereof; polylactic acid (PIA). polyglycoUc acid (PGA), a copolymer of a 
polylactic acid and apolyglycohc acid (PLGA). lactides. glycohdes, 
polyoxanones. polyoxalates, copoljoner of poly(bis(p- 
caiboxyphenoxy)propane)anhydride (PCPP) and sebacic acid. poly(l- 
glutamic acid). poly(d-gIutamic ^id). polyacryUc acid. poly(dl-glutamxc 
acid) polyd-aspartic acid). poly(d-aspartic acid). poly(dl-aspartic acid), 
polyethylene glycol, copol,^ of poly^o acids with polyethylene glycol, 
• polypeptides, polycaprotectone. poly(alkylene succinates). poly(hydroxy 
butyrate) (PHB). poly(butylene diglycolate). nylon-2/nylon-6-copolyamides. 
polydihydropyrans, polyphosphazenes. poly(ortho ester). poly(cyano 
acrylates), polyvinylpyrroUdone. and polyvinylalcohol. 



57. 



25 58. 



Hie method of Claim 49, wherein the support is a sponge. 
The method of Claim 49, wherein the support is a film. 
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59. The method of Claim 49, wherein the hyaluronic acid derivative is applied to 
the support by spreading the hyaluronic acid derivative on at least one surface 
of the support to form a composite. 



60. The method of Claim 49, wherein tiie hyaluronic acid derivative is applied to 
5 the support by spraying the hyaluronic acid derivative on at least one surface 

of the support to form a composite. 

61. The method of Claim 49, wherein the hyaluronic acid derivative is apphed to 
the support by dipping at least one surface of the support in the hyaluronic 
acid derivative to form a composite. 

10 62. The method of Claim 49, wherein the support includes porous beads. 

63. The method of Claim 62, wherein the hyaluronic acid derivative is ^pUed to 
the beads by soaking the beads in the hyaluronic acid derivative, allowing the 
hyaluronic acid derivative to be absorbed and adsorbed by the pores of the 
beads, and drying the beads. 

15 64. The method of Claim 63, further including the step of compressing the beads 
to form a sheet. 

65. The method of Claim 63, comprising the further steps of suspending the dried 
beads in a solution of a solvent and a second biopolymer; pouring the 
suspension into a mold; and evaporating the solvent. 

20 66. The method of Claim 65, wherein the second biopolymer is a polylactic - 
polyglycolic acid - copolymer (PLGA). 
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67 The of Cl^ 49. whe«in a» hy^uroMC add .^ivaSve is 'o 

a„ support by a m.«^ to. S» ^ »f ' """^ 

. gel of hyaluiomo acid derivative at «» support. 

68 Ttem«hodotClaim67,fbrtherincludingas.epv,l»t«nainatenalM 

adhe^oc. of tt« con>posi.e » assu. is molded a. *e support 

6, Themefl.odotClaim68,whe«inSiema»nal«,..ertocesadher^ 
■ ^Uapolyu.erco=«iiri»gU«p.p«d.a=q»enc...rgiaineW.glyc«e^^^^^ 

and aspartic acid (D). 

70 Ttame«.»lotClaim49,furtei.oludingtos,epof..le.a.partiaUydo»ng 
tehyaluromeacidderivaaveoatheHocon^aable.biodegradable support. 



71 Am«hodforr.ducingpos.-operaSveadh«doaoftissue.,con>prisin8ftestep 
„fintrodudngtoto,issu«a.a.»riicalsit..compositetbatinclud.sa 
Wocon^atibl., biodegradable support, aud a d^ivatizedbyaluioticaad 

^n^t a. the support, said derivatized hyalurouie aeid contponen. bavmg 
15 b^nte^dbyreactioaofhyalwortcacidwiaramultifbnetioml 

caibodiimide. 



72. 



Tl.e method of Claim 71. wherem the c^bodiimide is abiscarbodiixrdde, md 
the modified hyaluroBic acid has beea cross-hnked by the bisc^odhmide. 



73.' Themethod of Claim71. wherein thecompositefurtherixioludes a 
20 pharmaceutically-active molecule. 

74 A method for deUvering a pharmaceutically-active molecule, comprising 
deHvering to a surgical site a composite that includes a biocompatible, 
biodegradable support, a hyaluronic acid derivative, said hyaluronic acxd 
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derivative including N-acylurea and resulting from reaction with a 
multifunctional carbodiimide, and apharmaceutically-active molecule. 



75. The method of Claim 74, wherein the multifunctional carbodiimide is a 
biscarbodiimide. 



5 76. The method of Claim 74, wherein at least one side-arm of the N-acylurea is 
bonded to the pharmaceutically-active molecule. 

77. A method of preparing a drug deUvery vehicle, comprising the step of 
applying a hyaluronic acid derivative component to a biocompatible, 

10 biodegradable support, said hyaluronic acid derivative component including 

an N-acylurea that results frorh reaction of hyaluronic acid with a 
multifunctional carbodiimide, and apharmaceutically-active molecule. 

78. The method of Claim 77, wherein the hyaluronic acid derivative component 
is cross-linked with the multifunctional carbodiimide. 



1 5 79. The method of Claim 78, wherein the multifunctional carbodiimide is a 
biscarbodiimide. 



80. The method of Claim 77, wherem at least one side arm of the N-acylurea is 
bonded to the pharmaceutically-active molecule. 

8 1 . The method of Claim 77, wherein the pharmaceutically-active molecule is 
20 selected from the group consisting of growth factors, enzymes, therapeutic 

drugs, biopolymers, and biologically compatible synthetic polymers. 

82. The method of Claim 77, further including the step of at least partially drying 
the hyaluronic acid derivative component on the biocompatible, 
biodegradable support. 
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83. A method of fonning a composite for reducing post-operative adhesion of 
tissues, comprising the step of applying a hyaluronic acid derivative 
component to a biocompatible, biodegradable support, said hyaluronic acid 
derivative component including anN-acylurea that results fromreactionof 

hyaluronic acid with a multifunctional carbodiimide and a 
monocarbodiinnde. 

84. The method of Claim 83, wherein said monocarbodiimide is of the fomiula: 

Ri-N=C=N-R' 
mwhichR^andR^ are each mdependently selected from the group 
consisting of hydrocarbyl. substituted- hydrocarbyl, alkoxy. aryloxy. 
alkylaryloxy. 

85. The method of Claim 84. wherein said monocarbodiimide is selected from 
the group consisting of : 

l-ethyl-3- (3-dimethylaminopiopyl)-carbodiimide hydrochloride (EDC); 
l-cyclohexyl-3.(2-morpholinoethyl)carbodiimidemetho-^tolueaesulfo^^^^ 

(CMC); • 

l.(3-(dimethylamino)propyl)-3-ethylcarbodiumde methiodide (BAG); 
1,3-dicyclohexylcarbodiimide pCC); and 

l'beiizyl-3-(3-dimethylaminopropyl) carbodimiide hydrochloride (BDC). 

20 86. ThemethodofClaim83,whereinthemultifunctionalcarbodiimideisa 
biscarbodiimide. 

87. ThemethodofClaim86.whereinthebiscarbodimudehasthestmcture: 

R^-N=ON-R'-N=C=N-R^ 
where K\ R^ and R^ are each independently selected from the group 
25 consisting of hydrocarbyl, substituted- hydrocarbyl. alkoxy. aryloxy. and 

alkaiyloxy groups. 



15 
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88. The method of Claim 87, wherein the biscarbodiimide is /7-phenyleiie- 
bis(ethyl carbodiimide). 

89. The method of Claim 87, wherein the biscarbodiimide is selected from the 
group consisting of: 

5 l,6-hexam6thylene bis(ethylcarbodiimide); 

1,8-octamethylene bis(ethylcarbodiimide); 
1,10 decamethylene bis(ethylcarbodiimide); 
1,12 dodecamethylene bis(ethylcarbodiimide); 
PEG-bis(propyl (ethylcarbodiimide)); 
1 0 2,2 -dithioethyl bis(ethylcarbodiimde); 

l,r-dithio-/7-phenylenebis(ethylcarbodiimide); and 
l,r-difhio-77i-phenylene bis(ethylcarbodiiniide). 
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